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$\sum_{s_{N}}T_{s_{1}s_{2}\cdots s_{N}}|s_{1}s_{2}\cdots s_{N}\rangle$ . (2)





$H_{ij}=\vec{S}_{i}$ . $\vec{S}_{j}=\frac{1}{4}\{\begin{array}{llll}l 0 0 00 -2 2 00 2 -2 00 0 0 1\end{array}\} (\begin{array}{l}|\uparrow\uparrow\rangle|\uparrow\downarrow\rangle|\downarrow\uparrow\rangle|\downarrow\downarrow\rangle\end{array})$ . (3)
$H= \sum_{1j}H_{1j}$ . (4)
$T$ $E$
$\exp(-E/T)$
( ) : 39
$2^{39}\approx$ 689
1
(Density matrix renormalization group, DMRG) DMRG
(Matrix product state, MPS)
DMRG MPS MPS
$T_{s_{1}\cdots s_{N}}\equiv\langle s_{1}\cdots s_{N}|\Psi\rangle\equiv Tr[M(s_{1})\cdots M(s_{N})]$, (5)
$M(s_{i})$ 2 $\chi$ $\chi$ 1
$s_{i}$ ( ) $M(s$ 3
( 3 ) 1(a)
MPS 2 ( 3 ) 1
:
$[M(s_{2})M(s_{3})]_{t_{1}t_{3}}= \sum_{t_{2}}M(s_{2})_{t_{1}t_{2}}M(s_{3})_{t_{2}t_{3}}$. (6)









1 MPS (c) 6 MPS
DMRG 1(c) 1
:
$M(),M( \downarrow)\min_{\uparrow}\langle\Psi|H|\Psi\rangle$ , (7)
$M$





A $B$ 2 A $\rho_{A}$
$\rho$ $B$
$A$ $B$ $B$
$Tr_{B}[|s_{A}\rangle\langle s_{A}’|\otimes|s_{B}\rangle\langle s_{B}’|]\equiv(\langle s_{B}|s_{B}’\rangle)|s_{A}\rangle\langle s_{A}’|$. (10)
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$|\Psi\rangle$ $\rho=|\Psi\rangle\langle\Psi|$ A $B$
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$\langle ij\rangle$ $H(s_{i}, s_{j})$
$H= \sum_{\langle ij\rangle}H(s_{i}, s_{j})$
. (13)
4(a) 4 4 4
:
$A_{s_{1}s_{2}s_{3}s_{4}}= \exp[-\sum_{i}H(s_{i}, s_{(i}mod_{4)+1})/T].$ $\langle$ 14)
$A_{s_{1}}$ 828384 $4(b\rangle$ 45
PEPS PEPS













3 5 19 1
3 1 2 Disentangler
(4)
2 MERA









I6]. MERA 7 CC
6 MERA




1 $L$ ( 28 )
CC
BLAS3 1 CC
CC ( ) MERA
[7].
MERA















4 $U^{(t)}\ovalbox{\tt\small REJECT}$ $S$
$\langle S_{i_{n}}{}_{P}S_{i_{n}=q}\rangle=\delta_{pq}$ (17)
$||S_{i_{n}=1}||\geq||S_{i_{n}=2}||\geq\cdots, ||A||\equiv\sqrt{\langle A,A\rangle}$, (18)
$S_{i_{k}=p}$ $k$ $p$










HOSVD (Tensor renormalization group, TRG)
PEPS Ising
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